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Data concerning growth, yield, grape composition and wine quality are presented for five years. Closer spacing reduced 
cane mass and yield per vine but increased them per hectare. Less dense canopies as well as a larger leaf area:fruit 
mass ratio with more closely spaced vines au~mented grafe and wine quality. Given the specific circumstances of this 
trial, a vine spacing resulting in between 1,0 m and 2,0 m soil surface per vine proved to be optimum for Pinot noir. 
During the previous century French viticulturists stated that 
vine spacing, and especially in-row spacing, is a function 
of soil fertility, genetic vigour and climate (D'Armailhacq, 
1867; Guyot, 1867 and Cazenave, 1889). These authors 
found wider in-row spacing to be necessary for vines with 
high vigour and vice versa. This principle was later sup-
ported by the results of Jamain (1901), Anon. (1907), 
Ravaz (1908) and Perold (1927). 
The maximum dry mass of plant material per unit area 
of soil can only be produced when maximum photosynthet-
ic productivity for that specific soil area prevails. This pho-
tosynthetic productivity is directly affected by the 
efficiency of sunlight interception by the canopy (Branas, 
1974). A homogeneous arrangement of effective vine 
leaves per hectare is a prerequisite for a high efficiency of 
sunlight interception (Champagnol, 1982). On poor soils 
this principle can be satisfied with closer vine spacing 
(Champagnol, 1984) while adapted trellising systems and 
wider spacing are needed on rich soils (Casteran, Carbon-
neau & Leclair, 1980). 
Conflicting reports on the effect of spacing on vine per-
formance were found in the literature. In situations where 
denser plantings produced homogeneous effective leaf area 
without shoot crowding and within-canopy shade, the yield 
per unit area of soil increased (Kamel, Rifay & Abdel-
Kawi, 1972; Wiebe & Bradt, 1973; Brightwell & Austin, 
1975; Champagnol, 1979; Hidalgo & Candela, 1979; Turk-
ington, Peterson & Evans, 1980; Morris & Cawthon, 
1981a; Morris & Cawthon, 1981b; Reyes & Karcz, 1981; 
Hedberg & Raison, 1982; Munoz, 1982; Dumartin, et al., 
1982; Champagnol, 1982; Jensen, 1983; Atanasov, 1983; 
Michailov, 1983; Neukom, 1984; Hunter, Wiebe & Bradt, 
1985; Liuni, Antonacci & Colapietra, 1985; Brar & Bindra, 
1986; Intrieri, 1987). The same phenomenon was also 
reported for other crops, e.g. oranges (Boswell, Nauer & 
Atkin, 1982), peaches (Layne, Tan & Fulton, 1981) and 
soybean (Parks & Manning, 1980). 
In situations where closer vine spacing created negative 
effects on shoot crowding and within-canopy shade, the 
yield per unit area of soil was surpassed by that of more 
widely spaced vines (Bioletti & Winkler, 1934; Shaulis & 
Kimball, 1955; Malan, 1959; Sisson, 1959; Winkler, 1959 
and Winkler, 1969). 
The abovementioned reports confirmed previous find-
ings that vine vigour directly affected the results of vine 
spacing trials. The vigour was affected by soil potential, 
cultivation practices such as irrigation, trellising, pruning, 
fertilization, etc. and/or genetic vigour of the cultivars 
used. The stronger the vigour, the wider the vine spacing 
which produced the best yield and vice versa. 
Vine spacing also has an important effect on grape and 
wine quality, mainly through the effect of shoot growth on 
canopy density (Smart, 1985; Smart, 1987) as well as on 
competition for photosynthates (Koblet, 1977; Champag-
nol, 1979; Champagnol, 1984). Ravaz (1908) has proven 
that different vine spacings induced different rates of shoot 
growth and that the longer growth period of wider spaced 
vines exerted a negative effect on grape quality. According 
to Casteran, Carbonneau & Leclair (1980), there exists a 
certain vine spacing for each given soil/climate association 
where between-vine competition will have a direct effect 
on the physiological processes in the vine. This induced 
stress could be used to enhance grape quality, but when it 
surpasses certain levels, the effect on quality is reversed. 
Because of this phenomenon, grape quality of vigorous cul-
tivars decreased at narrow spacing while that of less vigor-
ous cultivars increased (Reyes & Karcz, 1981; Dumartin et 
al., 1982). These researchers ascribed the increase in quali-
ty to a more favourable leaf area:fruit mass relationship in 
the case of closer spaced vines. Several researchers report-
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ed an increase in sugar concentration with closer spaced 
vines (Hedberg & Raison, 1982; Atanassov, 1983; 
Neukomm, 1984; Remoue & Lemaitre, 1985; Hunter, 
Wiebe & Bradt, 1985; Liuni, Antonacci & Colapietra, 
1985; Intrieri, 1987). On the other hand, Sisson ( 1959), 
Winkler (1959) and Wiebe & Bradt (1973) reported a 
decrease in sugar concentration with a decrease in vine 
spacing, while Stoev & Bondjoukov (1974), Brar & Bindra 
(1986) and Murisier & Spring (1986) reported no change 
in sugar concentration with variations in spacing. Hedberg 
& Raison (1982) reported a significant decrease in pH, 
while Winkler (1969) and Liuni, Antonacci & Colapietra 
( 1985) reported an increase in pH with closer vine spacing. 
Champagnol (1979, 1984) pointed out that these contra-
dictory results obtained in various spacing experiments can 
mostly be ascribed to induced variations in vegetative 
growth rate and canopy microclimate. These variations in 
canopy density and microclimate can probably explain the 
variations in yield and quality obtained in the different 
experiments (see also Archer & Strauss, 1990). The latter 
authors proved that vine physiology and canopy character-
istics are affected by different vine spacings and therefore 
yield and quality are also expected to change when the 
vine population per hectare is varied. Because of the many 
conflicting reports on the effect of vine spacing on yield 
and quality as well as strong evidence that each soil/cli-
mate locality prescribes its own optimal vine spacing, this 
study was undertaken to quantify and qualify the correct 
vine spacing for viticulture which is practised under simi-
lar conditions as this trial in the Stellenbosch region. 
MATERIALS AND METHODS 
Soil and vineyard: The soil and vineyard used for this 
study are described by Archer & Strauss (1985; 1989 and 
1990). 
Data collection: Data were collected over a five-year 
period and included the following: crop, cane, bunch and 
TABLE 1 
berry mass, budburst percentage (number of sprouted buds 
as percentage of total number of buds left during winter 
pruning), bud fertility (number of bunches per sprouted 
bud) and phenology. Date of budburst was recorded when 
80% of allocated buds showed signs of green. Flowering 
was dated at 80% cap-fall. Veraison was dated when 80% 
of all bunches showed signs of red, and ripeness when a 
sugar concentration of approximately 23°B was reached. 
Cane and crop mass were recorded in the normal man-
ner, while 50 randomly selected bunches from each treat-
ment plot were used to record bunch mass. The berries of 
20 randomly selected bunches from each treatment plot 
were cut, without pedicels, and from these 100 were ran-
domly selected to record berry mass. Leaf area per vine 
was calculated from measurements of the total leaf area of 
five shoots each of 10 selected vines per treatment plot. 
The area of these leaves was measured using a Li-cor 
portable area meter (Li-3 000). While measuring the leaf 
area, the area of 50 randomly selected leaves from each 
treatment plot was noted separately to calculate area per 
leaf. The leaf layer number (LLN) was measured using the 
point quadrat method described by Smart (1985). Five 
vines per treatment plot were randomly selected and 20 
probes per vine were made horizontally through the 
canopy in the fruit zone. 
Skin and wine colour: The berries not used for berry 
mass determination were used to measure skin colour 
according to the method described by Hunter & De la 
Harpe (1987). 
Winemaking: During the first two years of the experi-
ment, wine was made in duplicate from each treatment 
plot. Thereafter, the grapes from the replicates were pooled 
for each treatment and wine was then made in triplicate. 
Grapes were crushed and destemmed and fermentation was 
allowed to proceed until the sugar concentration of the 
must decreased by 1 0°B before skins and juice were sepa-
rated. During this initial fermentation period the skins and 
juice were thoroughly mixed twice every 24 hours. After 
Effect of vine spacing on some vegetative characteristics of Pinot noir/99 Richter. Nietvoorbij, Stellenbosch. 1985/86-
1989/90. 
Spacing Cane mass Cane mass Yield:cane Trunk cir-
(m) per vine per ha mass rela- cumference 
(kg) (kg) tionship (mm) 
1,0 X 0,5 0,164 3306 3,93 712 
1,0 X 1,0 0,284 2828 4,00 853 
2,0, X 1,0 0,476 2384 3,95 1056 
2,0 X 2,0 0,590 1480 4,90 1117 
3,0 X 1,5 0,806 1796 4,39 1231 
3,0 X 3,0 1,188 1379 4,75 1542 
D-value 0,178 581 ns 413 
(p:S:0,05) 
ns = non-significant. 
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separation, the skins were pressed at 200 kPa and the press 
juice was added to the separated juice and allowed to fer-
ment dry. The total fermentation took place at 20°C. An 
experienced panel of at least nine members was used to 
evaluate each wine for overall quality with specific refer-
ence to colour, bouquet and palate. 
RESULTS AND DISCUSSION 
Shoot growth: The shoot growth per vine of the closer 
spaced vines was significantly less than that of the wider 
spaced vines, while the closer spacfngs produced a signifi-
cantly higher shoot mass per hectare than the wider spac-
ings (Table 1). This is in accordance with the findings of 
Bioletti & Winkler (1934), Branas (1949) and Kamel et al. 
(1972). The yield:cane mass relationship shows that the 
bud-load applied had not created an imbalance between 
yield and growth for any of the vine spacings and that pos-
sible quality differences could not be ascribed to abnormal 
cropping levels. 
Through the five seasons during which the performance 
of vines was recorded, no significant differences could be 
found between either percentage of budburst or fertility of 
buds in different spacings (data not shown). Furthermore, 
all phenological stages occurred earlier in the closer than in 
the wider spacings (data not shown). 
Vine size: Trunk circumference, as indicator of vine 
size, is given in Table 1. Closer vine spacing reduced trunk 
circumference. A decrease in spacing produced smaller 
vines with a lower yield capacity which is probably a nor-
mal vine response to a reduction in available soil space per 
vine. This is in accordance with results of Winkler (1959, 
1969) who also found that trunk circumference and vine 
size increased with an increase in available soil for vine 
roots. 
TABLE2 
Yield, bunch and berry mass: Yield per vine 
decreased and yield per hectare increased with a decrease 
in vine spacing (Table 2). This is in accordance with the 
results of most of the researchers quoted in the Introduc-
tion. Vines in the 1,0 m x 0,5 m, 1,0 m x 1,0 m and 2,0 m x 
1,0 m treatment plots reached full production one year ear-
lier than those in the 2,0 m x 2,0 m and 3,0 x 1,5 m and two 
years earlier than those in the 3,0 m x 3,0 m treatment plots 
(data not shown). This verified the findings of Ravaz 
(1935). The yield per m2leaf area showed a quality advan-
tage for the closer spaced vines in that fewer grapes per 
unit leaf area had to be ripened. As will be shown later, this 
contributed to the quality differences found. 
Although there is a significant yield advantage in the 
case of narrow spacings, the economics of the operation 
must also be considered. The material costs for a trellising 
system and grafted vines for the 1,0 m x 0,5 m treatment 
were more than double that of the 2,0 m x 1,0 m treatment 
and nearly four times that of the 3,0 m x 1,5 m treatment 
(data not shown). These higher costs ruled out the highest 
planting density in this experiment as a viable proposition; 
these findings are in accordance with those of Gagnon 
(1973). 
An increase in vine spacing tended to increase the bunch 
mass (Table 2) while no significant differences could be 
found in berry mass. The higher bunch mass of the wider 
spacings was, therefore, a result of more berries per bunch 
and can be related to better fruit set as well as differentia-
tion of bigger cluster primordia. 
Canopy characteristics: Leaf area per vine increased 
with an increase in plant spacing, but the leaf index (leaf 
area/unit area of soil) decreased (Table 3). The leaf area per 
g of grapes also decreased with an increase in vine spacing. 
The total interception of radiant energy per hectare vine-
Effect of vine spacing on the bunch mass, berry mass and yield of Pinot noir/99 Richter. Nietvoorbij, Stellenbosch. 
1985/6- 1989/90. 
Spacing Bunch mass Berry mass Yield/vine Yield/m2 Yield/ha 
(m) (g) (g) (kg) leaf area (t) 
(kg) 
1,0 X 0,5 94,62 1,18 0,633 0,459" 12,66 
1,0 X 1,0 115,13 1,18 1,090 0,423 10,90 
2,0 X 1,0 126,80 1,23 1,842 0,436 9,21 
2,0 X 2,0 124,05 1,24 2,975 0,696 7,44 
3,0 X 1,5 130,55 1,24 3,485 0,650 7,75 
3,0 X 3,0 134,89 1,23 5,701 0,793 6,33 
D-value 31,41 ns 0,601 0,190 2,17 
(p:=;0,05) 
ns = non-significant. 
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TABLE3 
Effect of vine spacing on some canopy characteristics of Pinot noir/99 Richter. Nietvoorbij, Stellenbosch. 1985/86-1989/90. 
Spacing Leaf area/ Leaf index Lefarea/g Canopy den-
(m) vine (cm2) grapes (cm2) sity (LLN) 
1,0 X 0,5 15465 3,09 27,06 1,26 
1,0 X 1,0 27087 2,71 25,66 1,91 
2,0 X 1,0 44139 2,21 23,92 1,92 
2,0 X 2,0 48047 1,20 16,27 3,93 
3,0 X 1,5 59182 1,31 16,25 5,51 
3,0 X 3,0 74162 0,82 13,26 6,20 
D-value 6752 0,86 6,272 0,914 
(p$;0,05) 
TABLE4 
Effect of vine spacing on grape composition of Pinot noir/99 Richter. Nietvoorbij, Stellenbosch. 1985/86-1989/90. 
Spacing Sugar con- Acid con- Delayed harvest* 
(m) centration centration pH 
COB) ITA (g/1) TTA (gil) pH 
1,0 X 0,5 23,92 8,60 3,04 - -
1,0 X 1,0 24,03 8,65 3,08 - -
2,0 X 1,0 23,60 8,84 3,09 - -
2,0 X 2,0 22,42 9,49 3,09 7,92 3,29 
3,0 X 1,5 22,48 9,44 3,10 7,81 3,32 
3,0 X 3,0 22,06 9,41 3,09 7,57 3,37 
D-value 0,79 0,42 ns 0,50 0,07 
(p$;0,05) 
ns - non-significant. 
* D-value calculated between original data for closer spacings and new data for wider spacings. 
yard was impaired by the small, heterogeneous nature of 
the leaf surface of the wider spacings. The closer spaced 
vines on the other hand, had a definite advantage because 
of a more homogeneous arrangement and a higher leaf 
index resulting in a higher leaf area:fruit mass ratio. Fur-
thermore, the closer spaced vines had a lower leaf layer 
number (LLN) than the wider spaced vines (Table 3), indi-
cating better canopy density properties than wider spaced 
vines. The better microclimatic conditions thus obtained 
probably ensured better ripening conditions than was the 
case with wider spaced vines. With a decrease in vine spac-
ing, under the conditions of this experiment, thinner, verti-
cal canopies were obtained which resulted in a more 
homogeneous leaf surface per unit area of land, while 
leaves and grapes were better exposed to ambient factors. 
Grape and wine quality: The sugar concentration, acid 
concentration and pH of grapes from the different vine 
spacing treatments are given in Table 4. The measurements 
were made when the grapes from the closer spaced treat-
ments reached optimum maturity (approx. 23°B). The 
advantage of the closer spacings in terms of homogeneity 
of leaf surface and leaf area:fruit mass relationships was 
expressed in higher sugar concentration which was associ-
ated with earlier ripening. As could be expected, the 
grapes from the wider spaced vines - with their denser 
canopies - had a higher acid concentration than the grapes 
from the closer spaced vines (Table 4) at the stage when 
the latter were harvested. 
The grapes on the wider spaced vines were left until ca. 
23,5°B was reached and again analysed for sugar and acid 
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TABLES 
Effect of vine spacing on the colour expression of grapes and wine and on wine quality of Pinot noir/99 Richter. Nietvoorbij, 
Stellenbosch. 1985/86-1989/90. 
Spacing Skin colour Wine colour Wine colour Wine quality 
(m) 520nm 520nm 420nm (%) 
1,0 X 0,5 0,287 
1,0 X 1,0 0,244 
2,0 X 1,0 0,255 
2,0 X 2,0 0,169 
3,0 X 1,5 0,153 
3,0 X 3,0 0,133 
D-value 0,096 
(p:<:;0,05) 
concentration as well as pH. Significant differences in acid 
concentration and pH occurred (Table 4). At this stage the 
acid concentration in grapes from wider spaced vines was 
lower and the pH higher than was the case with the grapes 
harvested earlier. The higher pH probably originated from 
the more dense canopies of the wider spaced vines. Smart 
( 1987) and Smart, Smith & Winchester ( 1988) reported 
that an increase in the pH of grapes ripening in shade might 
be ascribed to the inhibition of phytochrome-driven 
enzyme reactions. Because of the large differences in 
canopy densities of the different spacing treatments (see 
LLN in Table 3), grapes on the wider spaced vines ripened 
in denser shade than grapes from closer spaced vines. 
The effect of vine spacing on the colour expression of 
grapes and wine is presented in Table 5. The closer spaced 
vines produced grapes with better colour than the wider 
spaced vines for all five seasons. This skin colour advan-
tage resulted in better coloured wines at both 520 nm and 
420 nm. Red wine production from Pinot noir grapes is still 
an intriguing problem for winemakers in most New World 
countries mainly because sufficient colour is difficult to 
obtain (Lacasia, 1980). The positive effect of closer vine 
spacing on both grape and wine colour for this cultivar may 
have an advantage especially in warmer wine countries. 
Insufficient colour production in grapes is mainly due to 
negative shade effects created in too dense canopies 
(Rojas-Lara & Morrison, 1989). The high canopy densities 
of the wider spacings (Table 3) created within-canopy 
shade (Archer & Strauss, 1990) which impeded colour 
development in the grapes. On the other hand, the better 
exposed grapes of the closer spaced treatment plots devel-
oped a higher sugar concentration as well as better colour 
which eventually resulted in better overall wine quality 
(Table 5). The closer spaced treatment plots produced bet-
ter wine over all five seasons during which wine was made. 
This quality advantage arose from better canopy character-
istics, on the one hand (Table 3), and the qualitative effects 
of stress physiology, on the other hand (Archer & Strauss, 















grapes in the case of closer spaced vines than in the case of 
wider spaced vines. 
CONCLUSIONS 
Shoot growth per vine was decreased and shoot growth 
per hectare was increased by closer vine spacing. This 
could be expected because vine size was reduced by a 
smaller soil volume available to closer spaced vines. The 
closer spaced, smaller vines had a detectable advantage 
over larger, wider spaced vines in terms of homogeneity of 
leaf covering per hectare as well as canopy density per 
vine. Furthermore, the closer spaced vines had to ripen 
fewer grapes per unit leaf area than wider spaced vines. 
This brought about a definite quantitative and qualitative 
yield advantage for closer spaced vines. Although the yield 
per vine increased nine-fold from the narrowest to widest 
spacing, the yield per hactare decreased two-fold. It is not 
certain that these advantages will be enough to cover high-
er material costs per hectare in the case of 20 000 vines per 
hectare. 
Wine quality was improved by narrower vine spacings 
mainly because of better colour and lower pH. These origi-
nated from better canopy characteristics producing less 
shaded leaves and bunches. These advantages would be 
expected to hold true for all conditions similar to those of 
the experiment. More fertile conditions will alter the results 
obtained with this experiment mainly because of the more 
vigorous vegetative growth and dense canopies, giving rise 
to a decline in fruit and wine quality with closer spacings. 
Where viticulture is practised under relatively poor 
growing conditions, closer vine spacing may have impor-
tant economical advantages for the wine farmer. These 
advantages are brought about through higher yield per 
hectare as well as better wine quality. For conditions simi-
lar to those under which this trial was conducted, a vine 
spacing resulting in between 1,0 m2 and 2,0 m2 soil sur-
face per vine is feasible. 
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